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ABSTRACT 


Rate -potential  data  are  reported  for  proton  electroreduction  on  Au(lll) 
and  (210)  in  pcidic  perchlorate  electrolyte  over  the  temperature  range  0- 
60*C,  and  examined  with  regard  to  the  temperature  dependence  of  the  transfer 
coefficient  a.  Since  the  Tafel  plots  exhibit  significant  curvature  (a 
decreasing  with  increasing  overpotential),  the  analysis  requires  information 
on  the  temperature -dependent  thermodynamics  (i.e.  the  reaction  entropy,  AS'^  ) 
for  the  proton  discharge  step.  This  was  estimated  from  the  temperature- 
dependent  voltammetry  of  reversible  proton  discharge  to  form  adsorbed  hydrogen 
on  platinum.  When  evaluated  at  a  constant  overpotential  for  the  proton 
discharge  step,  a  for  this  reaction  on  both  Au(lll)  and  (210)  is  virtually 
independent  of  temperature,  both  before  and  after  diffuse -layer  corrections. 
An  electrocatalytic  effect  for  proton  reduction  on  Au(lll)  engendered  by 
prior  voltammetric  oxide  formation  was  also  observed.  This  effect  is 
prevalent  at  lower  temperatures  (T  <  25*C),  and  attributed  to  the  formation 
of  surface  defects  on  the  basis  of  recently  reported  scanning  tunneling 
microscopy  (STM)  data.  These  surface  structural  changes  are  also  evident  in 
the  morphology  of  cyclic  voltammograms  obtained  in  the  double-layer  region. 
In  harmony  with  the  STM  results,  these  electrochemical  effects  disappear 
with  time  when  the  potential  is  held  in  the  double  layer  region,  and  more 
rapidly  at  higher  temperatures . 
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We  have  recently  examined  in  some  detail  the  sensitivity  of  the  kinetics 
of  proton  reduction  at  single -crystal  gold  electrodes  to  the  surface 
crystallographic  orientation.^  The  rate  constants  were  observed  to  increase 
systematically  with  decreasing  potential  of  zero  charge  (p.z.c.),  or  with 
related  properties  such  as  the  average  surface  coordination  number.  This 
dependence  can  be  rationalized  in  terms  of  variations  in  the  stability  of 
the  adsorbed  hydrogen  reaction  intermediate,  A  significant  feature  is  the 
excellent  stability  and  reproducibility  of  the  kinetics,  especially  at  the 
higher- index  (more  catalytic)  surface  planes.^ 

Given  this  reproducibility,  which  is  uncommon  among  reported 
electrocatalytic  reactions  at  solid  electrodes,  it  is  of  interest  to  examine 
the  manner  in  which  the  rate -potential  behavior  (as  embodied  in  the 
electrochemical  transfer  coefficient  a)  depends  upon  the  temperature.  This 
interest  arises  in  part  from  recent  well -documented  examples,  especially 
featuring  proton  electroreduction,  in  which  a  is  observed  to  increase 
significantly  with  temperature  rather  than  remain  constant  as  anticipated 

O 

on  some  theoretical  grounds.  We  report  here  electrochemical  rate  constant- 
potential  data  for  proton  reduction  on  Au(lll)  and  (210)  in  0.09  M  NaClO^  + 
0.01  il  HCIO;^  at  seven  temperatures  between  0'  and  60"C.  Differential 
capacitance -potential  and  p.z.c.  data  are  utilized  to  correct  the  electrode 
kinetics  for  diffuse-layer  effects.  The  results  demonstrate  how  identifying 
the  manner  in  which  a  depends  upon  temperature  and  its  fundamental 
interpretation  can  be  sensitive  to  the  form  of  the  rate-potential  dependence. 

The  Au(210)  face  was  chosen  in  view  of  its  excellent  reproducibility 
for  proton  electroreduction, ^  The  proton  electroreduction  kinetics  on  the 
Au(lll)  face  are  significantly  more  sensitive  to  the  surface  history,  most 
specifically  whether  or  not  formation  and  removal  of  an  oxide  monolayer  has 


2 


Immediately  preceded  the  kinetic  measurements . ^  Apparently  related 
differences  in  the  capacitance -potential  behavior  are  observed  on  Au(lll) 
under  these  circiomstances  that  diminish  sharply  as  the  temperature  is  raised.^ 
It  is  therefore  of  interest  to  ascertain  if  corresponding  temperature - 
dependent  effects  can  be  discerned  upon  the  proton  reduction  kinetics. 
Interest  in  these  phenomena  is  enhanced  by  the  recent  observation  by  scanning 
tunneling  microscopy  (STM)  that  surface  defects  are  formed  transiently  on 
Au(lll)  by  electrochemical  oxide  formation  in  acidic  media. 

EXPERIMENTAL 

All  experimental  work  was  performed  at  LEI-CNRS,  essentially  as  described 
in  ref.  1.  The  reference  electrode  used  for  the  temperature -dependent  kinetic 
measurements  reported  here  was  a  reversible  hydrogen  electrode  (RHE)  at  the 
same  temperature  as  the  working  electrode;  that  is,  the  temperature  of  the 
entire  cell  was  varied  by  means  of  a  thermostat  (isothermal  conditions) . 
Nevertheless,  potentials  reported  here  for  kinetic  purposes  are  versus  the 
saturated  calomel  electrode  (SCE)  held  at  25 'C  (i.e.  nonisothermal 
conditions).  The  latter  arrangement  is  more  suitable  for  data  interpretation 
(vide  infra). ^  The  isothermal  configuration,  however,  was  utilized 
experimentally  here  so  to  eliminate  possible  difficulties  from  thermal  liquid 
junction  potentials  associated  with  the  presence  of  protons  in  the  electrolyte 
(0.09  U  NaClO^  +  0.01  HCIO^);  an  appropriate  correction  for  the  temperature 
dependence  of  the  reference  electrode  potential  was  applied,  so  to  convert 
to  the  nonisothermal  scale.  The  capacitance-potential  measurements  utilized 
neutral  0.1  ^  NaClO^  electrolyte  so  to  extend  the  negative  range  of  potentials 
so  to  overlap  with  the  proton  reduction  kinetics;  the  nonisothermal  cell 
arrangement  was  therefore  used  directly  in  this  case. 
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Upon  initial  contact  with  the  electrolyte,  and  after  each  temperature 

alteration,  the  electrode  underwent  several  positive -negative  potential  cycles 

at  50  mV  s'^  from  the  onset  of  hydrogen  evolution  to  about  1.35  V  vs.  SCE. 

The  form  of  these  cyclic  voltammograms  enable  the  physical  state  and 

cleanliness  of  the  surface  to  be  inspected,  and  also  to  confirm  that  the 

interfacial  temperature  had  become  stable.  Some  changes  in  the  form  of  the 

3  8 

voltammograms  are  seen  as  the  temperature  is  varied  for  Au(lll)  and  Au(210)  . 
Following  the  observation  of  a  stable  voltammogram  on  the  latter  surface  at 
each  temperature ,  the  potential  was  swept  in  the  negative  direction  at  5  mV 
s"^  so  to  obtain  "steady-state"  current  density-potential  (i-E)  data  for 
irreversible  proton  reduction,  as  detailed  in  ref.  1.  The  observed 
potential -dependent  rate  constants,  (cm  s*  ^ ) ,  were  extracted  by  using 

the  relation  -  i/FC^,  where  F  is  Faraday’s  constant  and  is  the  bulk 
hydrogen  ion  concentration  (0.01  M) •  Previous  measurements  have  verified 
that  the  electrode  reaction  is  indeed  first  order  in  protons  under  the 
conditions  encountered  here.^’^® 

The  procedure  was  slightly  different  for  Au(lll)  in  that  significantly 
(up  to  ca  30%)  larger  currents  for  proton  reduction  at  a  given  overpotential 
were  obtained  at  lower  temperatures  (<  25'’C)  if  the  kinetic  measurement  was 
immediately  preceded  by  the  voltammetric  formation  and  reduction  of  an  oxide 
monolayer  (i.e.  using  "long"  potential  cycles).  For  this  reason,  several 
"short"  voltammetric  cycles,  from  -0.3  to  0.8  V  vs.  SCE  at  50  mV  s"^  were 
generally  undertaken  following  oxide  reduction  and  prior  to  the  kinetic 
measurement;  such  a  delay  brings  about  a  virtual  cessation  of  this  "oxide - 
induced  catalytic"  effect.  Figure  1  is  an  example  of  the  observed  differences 
in  the  kinetics  of  proton  reduction  (A)  and  also  the  voltammetric  response 
on  Au(lll)  in  the  double-layer  region  (B)  at  a  low  temperature  (1*C)  following 
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such  repeated  "long"  and  "short"  potential  cycling.  The  solid  traces  in  Figs. 
lA  and  B  vere  obtained  immediately  following  several  (3-5)  voltammetric  cycles 
which  encompass  the  oxide  region  (from  -0.3  V  to  1.35  V  vs.  SCE) ,  whereas 
for  the  dashed  curves  the  prior  potential  excursions  (to  0.8  V  vs.  SCE) 
avoided  oxide  formation  and  removal. 

Besides  the  significantly  larger  currents  observed  for  proton  reduction 

for  the  former  ("long  cycle")  condition  (Fig.  lA) ,  noticeable  differences 

are  seen  in  the  double -layer  voltammetric  responses  obtained  following  such 

long  and  short  cycles  (Fig.  IB).  In  the  latter  case  (dashed  curve)  a 

pronounced  peak  is  observed  at  about  0.3  V  vs.  SCE  in  both  the  positive - 

and  negative -going  voltammetric  segments,  which  is  less  prevalent  for  the 

former  condition  (solid  curve) .  Other  differences  are  seen  in  the  shape  of 

the  current-potential  curve,  which  are  also  reflected  in  the  corresponding 
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differential  capacitance-potential  data.  ’  ’  (See,  for  example.  Figs.  25 
and  38  of  ref.  7).  Corresponding  results  to  those  in  Fig.  1,  but  obtained 
at  an  above-ambient  temperature  (4?®C),  are  shown  in  Fig.  2.  In  this  case, 
essentially  no  differences  are  seen  in  the  proton  reduction  kinetics  (A)  and 
double -layer  voltammetric  responses  (B)  following  "short"  and  "long"  potential 
cycles.  At  room  temperature,  such  differences  are  still  observed  but  to  a 
lesser  extent.  Only  kinetic  measurements  obtained  after  "short  cycles"  will 
be  used  for  the  following  analysis. 

Plots  of  log  kpj,  versus  E  for  seven  temperatures  between  0®  and  60 °C 
are  shown  for  Au(lll)  and  (210)  in  Figs.  3  and  4,  respectively.  The  changes 
Kb  with  temperature  at  a  given  potential  are  well  outside  the  experimental 
uncertainty  (<  ±10%).  The  lower  limit  of  k^j,  values  evaluated  here,  ca  5  x 
10*®  cm  s*^,  was  determined  by  the  onset  of  measurable  faradaic  current  above 
the  background.  The  upper  limit,  ca  1  x  10*®  cm  s*^,  arises  from  the 
diminished  stability  of  the  measured  currents  above  this  point,  most  likely 
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associated  with  hydrogen  bubble  formation. 

Prior  to  data  interpretation,  it  is  advisable  to  examine  the  effect  of 
the  diffuse  double  layer  upon  the  kinetics.  For  this  purpose,  it  is  necessary 
to  obtain  the  potential  drop  across  the  diffuse  layer,  as  a  function  of 
E  for  the  different  temperatures.  This  was  obtained,  as  usual,  by  combining 
plots  of  ^2  against  the  electrode  charge  density,  extracted  from  Gouy- 

Chapman  theory  with  charge-electrode  potential  (o„-E)  data.  The  latter  were 
obtained  by  integrating  differential  capacitance -potential  (C^j-E)  curves  in 
0.1  II  NaClO^  together  with  the  corresponding  pzc  values,  Ep^^.,  taken  from 
the  appropriate  C^-E  minima.^  The  E^^^  values  for  Au(lll)  and  Au(210)  at 
25-0  in  0.09  JJ  NaClO^  +  0.01  ^  HCIO^  are  approximately  0.24  V  and  -0.09  V 
vs.  SCE.^  The  variation  of  the  latter  with  temperature  (<  0.5  mV  K'^, 

O 

nonisothermal  cell  conditions)  is  almost  negligible  ;  this  temperature 
coefficient  is  slightly  larger  (»  2.5  mV  K‘^)  for  Au(lll).^  In  the  range 
of  values  on  Au(210)  ,  -12  to  -35  fiC  cm'^,  corresponding  to  the  potential 
range  -400  to  -750  mV  vs.  SCE  over  which  the  kinetic  data  were  obtained, 
there  is  no  significant  variation  of  with  temperature  within  the 
experimental  uncertainties  (ca  ±  1  cm'^).  The  resulting  temperature- 

dependent  ^2'^  plots  for  Au(210)  are  shown  in  Fig.  5. 

The  diffuse-layer  ''orrections  were  applied  to  the  log  data  in  a 

conventional  manner,  by  plotting  log  +  (F/2.3  RT)Z^2  versus  (E-^j)  s® 
to  yield  double -layer  corrected  Tafel  plots^;  in  this  case  the  reactant  charge 
number,  Z,  equals  +1.  Such  temperature -dependent  corrected  Tafel  plots  for 
Au(210)  are  shown  in  Fig.  6.  The  slopes  of  these  plots  enable  the  required 
diffuse  layer-corrected  transfer  coefficients,  a  ,  to  be  obtained  as  a 
function  of  potential  and  temperature  from 

2.3  RT 

“cor  -  -  (  F  >t^tlog  k„b  +  (F^2/2-3  RT)]/3(E  -  (D 


These  can  be  compared  with  corresponding  observed  or  "apparent"  transfer 
coefficients,  obtained  from 
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2.3  RT 

“ob  “  -  <“1^ - )  (3  log  k„j,/aE)  (2) 

Although  the  diffuse- layer  corrections  exert  a  substantial  influence 
upon  the  absolute  rate  constants  (up  to  ca  tenfold) ,  the  corresponding  effect 
upon  the  a  values  is  small,  such  that  commonly  <  0.03.  This 

is  especially  the  case  for  Au(lll),  for  which  the  shapes  of  the  observed 
and  corrected  Tafel  plots  are  virtually  i ientical  within  the  uncertainties 
of  the  rate  measurements.  Given  the  greater  uncertainties  in  the  p.z.c. 
values  and  hence  the  diffuse- layer  corrections  for  this  free,  the  uncorrected 
Tafel  plots  in  Fig.  3  are  deemed  adequate  for  the  present  purposes. 

DISCUSSION 

Before  discussing  the  rate-potential  data,  it  is  of  interest  to  consider 
briefly  the  observed  temperature -dependent  effects  of  oxide  formation  upon 
the  proton  reduction  kinetics  on  Au(lll).  As  noted  above,  recent  in-situ 
STM  measurements  for  a  Au(lll)  surface  in  O.IM  HCIO^  at  room  temperature 
show  that  potential  cycling  so  to  form  and  remove  at  least  one  oxide  monolayer 
yields  significant  surface  disordering  in  the  form  of  monoatomic  "pits"  and 
terrace  edges.  Holding  the  potential  subsequently  within  the  double -layer 
region,  however,  results  in  spontaneous  removal  of  these  defects 
within  ca  10-15  min.  Although  corresponding  temperature -dependent 
measurements  have  not  been  reported,  these  findings  are  entirely 
consistent  with  the  present  results.  Thus  the  occurrence  of  higher 
currents  for  proton  reduction  on  Au(lll)  would  be  expected  to 
accompany  the  formation  of  surface  defects,  given  that  faster 
kinetics  are  observed  on  higher-index  faces  (and  polycrystalline  gold). 
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associated  presumably  with  increased  stability  of  the  adsorbed  hydrogen 
intermediate.^  At  lower  temperatures  (T  <  25’ C) ,  the  defects  have  sufficient 
♦■emporal  stability  to  affect  the  electrode  kinetic  measurements,  whereas 
they  are  removed  too  rapidly  by  spontaneous  "annealing"  at  higher 
temperatures . 

The  corre.'^ponding  temperature -dependent  changes  in  the  voltammetric 
response  in  the  double-' ayer  region  are  also  consistent  with  this  picture. 
The  sharp  peaks  seen  at  0.2  to  0.4  V  vs.  SCE  under  "short-cycle"  conditions 
are  largely  removed  by  means  of  "long  cycles"  at  lower  temperatures  (Fig. 
IB).  Most  likely,  these  peaks  arise  from  potential- induced  surface 
reconstruction^’^  which  should  be  altered  substantially  by  extensive  formation 
of  surface  defects. 

At  a  given  temperature,  the  (and  values  for  proton  reduction 
diminish  significantly  with  increasing  overpotential,  especially  on  Au(210), 
fro  .  values  above  0.6  to  about  0.4.  This  a  -  E  dependence  could  arise  from 
a  change  in  mechanism. It  is,  however,  at  least  qualitatively  also 
consistent  with  the  expectations  of  conventional  charge-transfer  theory  in 
that  a  should  generally  decrease  with  increasing  overpotential . (Also 
see,  for  example,  ref.  12).  In  order  to  examine  the  dependence  of  q  upon 
temperature  in  the  context  of  conventional  theory  it  is  necessary  to  evaluate 
o  at  a  fixed  overpotential  for  the  charge- transfer  step.  This  causes  no 
difficulty  for  reversible  single-step  reactions  since  the  standar  i  (or  formal) 
electrode  potential,  E” ,  can  be  evaluated  at  each  temperature,  enabling  the 
overpotential  (and  hence  the  free-energy  driving  force)  to  be  fixed  as  the 
temperature  is  varied. 

It  is  important  to  recognize  that  the  E",  and  hence  the  overpotential 
in  question,  refers  to  the  elementary  charge- transfer  step  that  determines 
the  measured  kinetics.  In  the  present  case,  at  luast  at  higher  overpotentials 
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this  is  believed  to  be  the  proton  discharge  step 

H3O"  +  e-  -  H.,  (3) 

where  denotes  adsorbed  hydrogen.  VJhile  E®  for  the  overall  hydrogen 

evolution  process  is  of  course  measurable,  that  for  reaction  (3)  unfortunately 

is  unknown.  This  difficulty  can,  however,  be  circumvented  by  noting  that  the 

evaluation  of  temperature -dependent  a  values  at  a  fixed  (albeit  unknown) 

overpotential  only  requires  a  knowledge  of  the  temperature  dependence  of  E° 

rather  than  its  absolute  value.  Using  the  present  nonisothermal  cell 

arrangement  (i.e.  with  the  reference  electrode  held  at  a  fixed  ambient 

temperature),  the  temperature  dependence  of  the  standard  potential  can  be 

related  to  the  "reaction  entropy"  AS®^  (i.e.  the  entropy  change  accompanying 

13 

the  redox  process)  by 

F(dE“^/dT)  »  AS;^  (4) 

where  F  is  Faraday's  constant.  If  the  reaction  entropy  is  (say)  zero,  then 
it  would  be  appropriate  to  examine  the  a  values  at  a  fixed  nonisothermal  cell 
potential,  as  the  temperature  is  varied.  If  AS®^  f*  0,  the  consequent 

variation  in  driving  force  as  the  temperature  is  varied  can  be  corrected 
for  by  evaluating  a  at  electrode  potentials  at  each  temperature  such  that 
(E^^  -  E®j)  -  constant. 

For  proton  discharge  on  gold,  the  AS®^  value  for  reaction  (3)  cannot 
be  evaluated  since  the  coverage  of  adsorbed  hydrogen  is  very  low.  A  rough 
AS®|.  estimate,  however,  can  be  extracted  for  the  corresponding  process  on 
polycrystalline  platinum  since  well-known  peaked  voltammograms  are  obtained 
that  correspond  to  the  formation  of  distinct  states  of  adsorbed  hydrogen 
(cf.  ref.  14).  Evaluation  of  such  voltammograms  in  acidic  perchlorate 
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electrolytes  using  a  nonisothermal  cell  over  the  temperature  range  0‘’-60‘’C 
yielded  (dE“^/dT)  values  (obtained  from  the  temperature -dependent  shift  in 
the  symmetrical  hydrogen  adsorption  peaks)  of  0.6  (±  0.1)  mV  K'^  (-  60  J . 
mol'^  K* ^ ) .  Comparable  results,  although  using  a  different  experimental 
configuration,  are  reported  in  ref.  14. 

Armed  with  this  Information,  we  can  examine  the  degree  to  which  a  depends 
upon  temperature  under  conditions  of  roughly  constant  overpotential  for  proton 
discharge.  Table  I  contains  values  of  and  extracted  from  the 

experimental  rate-potential  data  on  Au(lll)  and  Au(210) .  These  data  refer 
to  values  of  -625  mV  and  -580  mV  vs.  SCE,  respectively,  at  BO'C.  The 

Ejj^  values  at  other  temperatures  were  adjusted  away  from  the  value  at  BO'C 

by  assuming  that  (dE®j^/dT)  -  0.6  mV  K'^,  thereby  correcting  for  the 
temperature -dependence  driving  force.  Although  somewhat  arbitrary,  the  E^^^ 
values  were  chosen  so  to  correspond  to  relatively  high  overpotentials  (where 
proton  discharge  is  most  likely  the  rate-determining  step^^),  yet  enabling 
a  values  to  be  evaluated  reliably  over  the  present  temperature  range.  The 
differing  E^^^  values  chosen  at  Au(lll)  and  Au(210)  reflect  the  dissimilar 
rates  obtained  for  these  surfaces. 

Inspection  of  Table  I  shows  that  the  q  .  and  q  values  extracted  on 

this  basis  depend  only  very  mildly  on  the  temperature,  tending  to  decrease 

slightly  as  T  increases.  Although  different  absolute  (or  values 

are  observed  at  other  overpotentials  given  the  curvature  in  the  Tafel  plots, 

a  similar  temperature  Independence  of  o  is  typically  obtained  by  using  the 

above  analysis.  This  finding  differs  somewhat  from  most  other  proton 

discharge  reactions  that  have  been  studied,  which  tend  to  exhibit  significant 

2 

increases  of  a  with  increasing  temperature.  In  some  cases,  a  is  found  to 

2 

be  approximately  proportional  to  the  absolute  temperature  .  This  would 
correspond  to  a  increasing  by  ca  20%  (i.e.  by  0.1)  over  the  60’C  temperature 


10 


range  in  Table  I ,  which  is  clearly  not  the  case  here . 

Such  T- dependent  a  behavior  is  often  found  for  charge -transfer  reactions 

2 

involving  atom  transfer,  even  though  essentially  temperature- independent 
transfer  coefficients  are  usually  obtained  (as  expected  from  theory)  for 
one -electron  outer -sphere  electrochemical  reactions  for  which  conventional 
theory  should  be  most  applicable . It  is  therefore  reasonable  to  suppose 
that  the  interesting  temperature  dependencies  of  a  obtained  for  proton  and 
other  atom  transfer  reactions  are  associated  in  general  with  the  additional 
complexities  of  these  processes  rather  than  signaling  a  more  fundamental 
breakdown  of  electron- transfer  models. 

Admittedly,  the  deduction  that  a  does  not  vary  significantly  with 
temperature  for  the  present  systems  is  somewhat  dependent  upon  the  assumed 
value  of  (dE°^/dT).  If  (dE“^/dT)  is  taken  as  zero,  for  example,  then 
and  “eor  seen  to  decrease  noticeably,  by  ca  0.06,  from  0  to  60°C. 

Although  the  (dE'^/dT)  value  is  an  estimate,  a  probably  greater  uncertainty 
is  associated  with  the  underlying  cause  of  the  marked  overpotential  dependence 
of  o.  As  noted  above,  the  validity  of  the  present  temperature -dependent 
analysis,  strictly  speaking,  assumes  the  occurrence  of  a  single  proton- 
discharge  mechanism  under  the  conditions  encountered  here.  Even  given  such 
uncertainties ,  the  present  analysis  does  provide  evidence  that  the 
electrochemical  proton  discharge  process  on  gold  does  not  necessarily  yield 
significant  variations  of  a  with  temperature  once  the  likely  effects  of 
temperature -dependent  driving  force  are  taken  into  account.  Further 
information  on  the  mechanisms  and  energetics  of  this  process  will  be  required, 
however,  before  more  detailed  conclusions  can  be  drawn. 
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TABLE  I  Representative  Transfer  Coefficients  for  Proton 

Reduction  over  the  Temperature  Range  0-60®C  on  Au(lll) 
and  Au(210)  in  0.9  ^  NaClO^  +  0.01  H  HCIO^ 


Au(lll) 

a 

Au(210) 

b 

Temperature 

“ob 

o  r 

“ob 

“cor 

0 

0.55 

0.53 

0.62 

0.60 

11 

0.54 

0.53 

0.62 

0.60 

20 

0.61 

0.58 

22 

0.54 

0.52 

30 

0.54 

0.52 

0.59 

0.56 

40 

0.54 

0.51 

0.60 

0.57 

50 

0.53 

0.50 

53 

0.60 

0.57 

60 

0.53 

0.50 

Evaluated  at  nonisothermal  cell  potentials  equal  to  [-625  mV  vs. 
0.6  (T-30“C)mV],  where  T  is  temperature  (“C). 

^Evaluated  at  nonisothermal  cell  potentials  equal  to  [-580  mV  vs. 
0.6(T  -30®C)mV],  where  T  is  temperature  ('C). 


SCE  + 

SCE  + 
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FIGURE  CAPTIONS 

A.  Current-potential  curves  (at  5  mV  s' ^ )  at  low  overpotentials  for 
proton  reduction  on  Au(lll)  in  0.1  U  HCLO^  at  1®C.  Solid  curve  obtained 
after  6  "long  cycles"  at  50  mV  s'^  between  -0.3  V  and  1.4  V  vs.  SCE.  Dashed 
curves  obtained  after  6  "short  cycles"  i.e.  only  to  0.8  V  vs.  SCE.  Currents 
obtained  during  negative-  and  positive -going  potential  scans  are  virtually 
identical. 

B.  Cyclic  voltammograms  obtained  in  "double- layer  region"  (note  expanded 
current  scale)  following  "long  "  and  "short  cycles"  (solid  and  dashed  curves)  , 
performed  as  in  A. 

Fig,  2 

As  in  Fig.  1,  but  at  42®C. 

Fig.  3 

Plots  of  logarithm  of  the  observed  rate  constant,  >  "versus  electrode 
potential  for  proton  reduction  on  Au(lll)  at  various  temperatures. 
Electrolyte  is  0.09  {1  NaCLO^  +  0.01  M  HCLO^ .  Reference  electrode  is  SCE  at 
room  temperature.  Key  to  temperatures:  •,  0.5*C:  O,  ll'C;  ■,22‘’C;  □,  31°C; 
A,  Al'C;  A.SO'C;  V.SO'C. 

Fife.  ^ 

As  for  Fig.  3,  but  for  Au(210).  Key  to  temperatures:  •,  0®C;  O,  11°C; 
■  ,  20'C;  □,  30'C;  A,  41’’C;  A,  53"C;  ▼.  60'C. 

Fig.  ? 

Plots  of  potential  across  diffuse  layer  versus  electrode  potential  for 
Au(210)  in  0.09  {J  NaCLO^  +  0.01  If  HCLO^  at  various  temperatures.  Obtained 
from  differential  capacitance  -  electrode  potential  data  along  with  potentials 
of  zero  charge  and  Gouy-Chapman  theory  (see  text).  Key  to  temperatures  as 
in  Fig.  4. 

As  in  Fig.  4,  but  after  double-layer  corrections  using  4>2  '  ^  data  shown 
in  Fig.  5. 
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